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, Bouc[l] . BouC
. ,
$L$ $N$
$f(u)\equiv Lu+Nu=0,$ $u\in D(L)$ (1)
. $L$ $X$ $Y$





, NEWS3150 ) 2,3 , 10
.
2
$f(u)\equiv Lu+Nu=0,$ $u\in D(L)$ (2)
. , $D=D(L)$ $B=D(N)$ , $L$ $N$ ,
$D(L)\subset D(N)$ . $X$ $Y$ $||$ . | |Y ,
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$||u||_{L}=||u||x+||Lu||_{Y}$ for $u\in D(L)$
. $L$ , $D(L)$ $||u||_{L}$ .
$D_{L}$ . $N$ $D_{L}$ $Y$ Fr\’e\’echet . , $DN(u)$
$X$ $Y$ . ,
:
$E$ $F$ , $D(L)$ Y $\dim E=\dim F=m$ .
, $P$ $Q$ , , $X$ $E$ $Y$ $F$ . ,
:
$||u-Pu||_{X}\leq c||Lu||_{Y}$ for $\forall u\in D(L)$ (3)
$QLu=QLPu$ for $\forall u\in D(L)$ (4)
$||Q||_{L(Y,Y)}\leq 1$ (5)
, $c$ $u$ $marrow\infty$ $carrow 0$ .
, (2)
$g(u)=Qf(u)=0,$ $u\in E$ . (6)
. $\tilde{u}\in E$ (6) . Eq. (6) $||g’(\tilde{u})^{-1}||_{L(F,E)}$
M . ,
, . $\square$
$\{e_{1}, e_{2}, \cdots, e_{m}\}$ $\{v_{1}, v_{2}, \cdots,v_{m}\}$ $E$ $F$ . $e\in E$
$v\in F$ :
$e= \sum_{n=1}^{m}c_{n}(e)e_{n}$ (7)
$v= \sum_{n=1}^{m}d_{n}(v)v_{n}$ , (8)
, $c_{n}(e)$ $d_{n}(v)$ . , $A_{m}$ : $Earrow E_{m}$ $B_{m}$ : $Farrow$
$F_{m}$
$A_{m}e=(c_{1}(e),c_{2}(e),$ $\cdots,$ $c_{m}(e))^{t}$ (9)
$B_{m}v=(d_{1}(v), d_{2}(v),$ $\cdots,$ $d_{m}(v))^{t}$ , (10)
166
, $t$ ,
$E_{m}=\{(c_{1}(e), c_{2}(e), \cdots,c_{m}\langle e))^{t}|e\in E\}$
$F_{m}=\{(d_{1}(v), d_{2}(v), \cdots,d_{m}(v))^{t}|v\in F\}$
. $\phi=(c_{1}, c_{2}, \cdots, c_{m})^{t}\in E_{m}$ $d=(d_{1}, d_{2}, \cdots, d_{m})^{t}\in F_{m}$ , ,
$|| \phi\Vert_{E_{m}}=||\sum_{n=1}^{m}c_{n}e_{n}||_{X}$ (11)
$||d||_{F_{m}}=|| \sum_{n=1}^{m}d_{n}v_{n}||_{Y}$ . (12)
. , $\tilde{u}\in$ E Eq. (2) . , $J$ :
$E_{m}arrow F_{m}$ \phi = $(cl, c_{2}, \cdots, c_{m})^{t}\in E_{m}$
$J \phi=B_{m}\{Q(L+S(\tilde{u}))\sum_{n=1}^{m}c_{n}e_{n}\}$ . (13)
. $E_{m}$ $F_{m}$ $J$ .
$x\in D(L)$
$JA_{m}Px=B_{m}\{Q(L+S(\tilde{u}))Px\}$ . (14)







$||J^{-1}||_{L(F_{m},E_{m})}\leq M$ . (17)
.
21 , $cK(1+MK)<1$ , $G=L+DN(\tilde{u}):D_{L}arrow Y$ y\in D’
:




$G(\tilde{u})=L+S(\tilde{u})$ : $D_{L}arrow Y$
. , G 0 Fredho1m , G
, $G$ $G^{-1}$ : $Yarrow D_{L}$ .
,
$r=||f(\tilde{u})||_{Y}$ .
. , $U_{p}=B(\tilde{u},p)$ $D_{L}\tilde{u}$ , $P$ $D_{L}$ , $DN(u)$ :
$D_{L}arrow Y$ $U_{p}$ Lipschitz :
$||S(u)-S(v)||_{L(D’,Y)}=a_{U_{p}}||u-v||_{D_{L}}$ for $u,v\in U_{p}\subset D_{L}$ .
, :
22 $G(\tilde{u})$ : $D_{L}arrow Y$ $cK(1+MK)<1$ .
, $a=a_{U_{p}}$ . $p$
1. 2$Cr\leq p$
2. $aCp<1$ ,






























$||x||_{X} \leq\frac{c(1+MK)+M}{1-cK(1+MK)}||G(\tilde{u})x||_{Y}$ . (25)




Theorem22 , , T Up
. $G(\tilde{u})^{-1}$ , $T:D_{L}arrow D_{L}$
:
$Tu=G(\tilde{u})^{-1}(DN(\tilde{u})u-Nu)$ .
$G(\tilde{u})^{-1}$ , $T$ (2) $U_{p}$











$\leq C(\frac{a}{2}p^{2}+r)<p$ . (27)
. $TU_{p}\subset U_{p}$ .





Nu–Nv $= \int_{0}^{1}S(u+t(v-u))(v-u)dt$ ,
$||S(\tilde{u})(u-v)-(Nu-Nv)||_{Y}$ $=$ $|| \int_{0}^{1}(S(u+t(v-u))-S(\tilde{u}))(v.-u)dt||_{Y}$
$\leq$ $\int_{0}^{1}||S(u+t(v-u))-S(\tilde{u})||_{L(D_{L},Y)}||v-u||_{L}dt$
$\leq$ $ap||v-u||_{L}$ . (29)
. ,
$\Vert Tu-Tv||_{L}\leq aCp||v-u||_{L}$ . (30)
. T Up .
$T$ $U_{p}$ $u^{*}$ .
$\Vert u^{*}-\tilde{u}||_{L}\leq\frac{a}{2}Cp||Tu^{*}-\tilde{u}||_{L}+Cr$ ,
$\Vert u^{*}-\tilde{u}||_{L}\leq 2Cr$ .
2.4
? $Duffi_{-}ng$
$x”+Ax’+Bx^{3}-C\cos t=0,t\in J=(0,2\pi)$ .
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. , $A,$ $B$ $C$ . $L_{2}(0,2\pi),$ $H_{1}(0,2\pi)$





$X=Y=\{x|x\in L_{2}(0,2\pi)\cap x(t)=-x(t+\pi)\}$ , $L:D(L)=X\cap H_{2}(0,2\pi)arrow Y$
$N$ : $D(L\rangle$ $arrow Y$
$Lx=x”+Ax’$
$Nx=Bx^{3}-C\cos t$ ,
. , $L$ $X$ $Y$ . ,
$L$
$||x||_{L}=||x||_{2}+||x’’+Ax’||_{2}$ .
, $D(L)$ . $x\in D(L)$ ,x(t) $=$
$-x(t+\pi)$ $x$ :
$x= \sqrt{2}\sum_{n=1}^{\infty}(a_{n}\cos\langle 2n-1)t+b_{n}\sin(2n-1)t)$ .
, $P_{m}$ : $D(L)arrow P_{m}D(L)$
$P_{m}x= \sqrt{2}\sum_{n=1}^{m}(a_{n}\cos(2n-1)t+b_{n}\sin(2n-1)t)$









































Marti Sobolev $x\in H_{1}(0,2\pi)$
$||x||\leq\sqrt{\frac{2\pi}{\tanh 2\pi}}||x||_{H_{1}}$ (32)
.
Duffing A=01, B=I, C=04464 , 2\pi -
. (2) :
$P_{m}f(x)=0,x\in E=P_{m}D(L)$ . (33)
,
$f(x)=Lx+Nx$.
(33) , . ,
. , Newton :
$\tilde{x}(t)$ $=$ $\frac{12391844444622}{10096283453831}\cos t+\frac{1255301899357}{3264990063609}\sin t$
$+ \frac{3339800261015}{62230322929326}\cos 3t+\frac{25614353059037}{407715265530912}\sin 3t$
$+ \frac{30678010753}{50578758054295}\cos 5t+\frac{20268208717}{4200092845578}\sin 5t$
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$- \frac{203050479}{1606019671451}\cos 7t+\frac{19543149859}{75359444598260}\sin 7t$
$- \frac{9917353}{674649767686}\cos 9t+\frac{27060356}{3079992935547}\sin 9t$
$- \frac{10029085}{9872509922553}\cos 11t-\frac{80843412}{2002007632142809}\sin 11t$
$- \frac{353059}{7177837174127}\cos 13t-\frac{925405}{26456112180297}\sin 13t$
$- \frac{2009793}{1535022779191217}\cos 15t-\frac{1158567}{347492958486574}\sin 15t$ .
, $P=Q=P_{m}$ , $J$ (13) .
, J . , J
. $J$ $J^{-1}$
. , ||J-l||c(F,E) M J-l Frobeniu8




. , $||x||_{\infty}= \max\{|x(t)||0\leq t\leq 2\pi\}$ .




, $d=\sqrt{\frac{2\pi}{\tanh 2\pi}}$ . , .
,
$M\leq 3.118,r\leq 0.0000000432,$ $K\leq 6.869$ and $p\leq 0.00000474$ .
.
$C\leq 54.803,$ $a\leq 26.212$ and $aCp\leq 0.00681$ .
. , Duffing C L+s(x) .
, 22 x\tilde x* . Sobolev
$x\in H_{1}(0,2\pi)$
$\Vert x||_{\infty}\leq\sqrt{2\pi/\tanh 2\pi}||x||_{H_{1}}$ ,
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